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ABSTRACT
This  s tu d y  was u n d e r t a k e n  to  e v a l u a t e  and compare methods 
o f  a d j u s t m e n t  f o r  the e f f e c t s  o f  age ,  sex o f  c a l f ,  and age o f  dam on 
weaning w e ig h t .  Weaning w e ig h t s  were r e c o rd e d  on 16,622 b e e f  c a l v e s  
from 82 p r i v a t e  h e r d s  e n r o l l e d  i n  the  L o u i s i a n a  On- the-Farm P e r f o r ­
mance T e s t i n g  Program d u r in g  the  p e r io d  1959 th rough  1965. Data 
were c l a s s i f i e d  a c c o r d i n g  to  y e a r  of  b i r t h  and weaning ,  b r e e d ,  sex ,  
s i r e  and age o f  dam. The av e ra g e  weaning w e igh t  o f  a l l  c a l v e s  was 
355 pounds a t  an  a v e ra g e  age o f  215 days .
Two g e n e r a l  ty p e s  o f  methods of  a d j u s t m e n t  fo r  the a f o r e ­
mentioned  e f f e c t s  were s t u d i e d ,  th e s e  b e i n g  m u l t i p l i c a t i v e  and a d d i ­
t i v e  a d j u s t m e n t  f a c t o r s .  S t a t i s t i c a l  a n a l y s i s  o f  the d a t a  showed a 
s i g n i f i c a n t  b r e e d - o f - c a l f  e f f e c t  and ,  t h e r e f o r e ,  th e  d a t a  were 
a n a ly z e d  by b r e e d s  w i t h i n  r a n c h - y e a r - s e a s o n - a g e  o f  dam and sex 
b a s i s  to  o b t a i n  e s t i m a t e s  o f  the  i n f l u e n c e  o f  age of  c a l f .  L inea r  
and q u a d r a t i c  r e g r e s s i o n s  o f  weaning w e ig h t  on age o f  c a l f  were bo th  
found to  be s i g n i f i c a n t .
Four methods  o f  a g e - o f - c a l f  a d j u s t m e n t  were compared.  A 
m u l t i p l i c a t i v e  l i n e a r  method was the  most  e f f i c i e n t .  The s t a n d a r d  
a v e ra g e  d a i l y  g a i n  a d j u s t m e n t  was observed  to  o v e r a d j u s t  th e  w e ig h t s  
o f  c a l v e s  in. ex t reme age g roups .
The e f f e c t  o f  age o f  dam on. weaning w e ig h t  was found to  
be c u r v i l i n e a r .  Maximum p r o d u c t i o n  was reached  a t  9 y e a r s  o f  age.
Sex d i f f e r e n c e s  were h i g h l y  s i g n i f i c a n t  w i th  b u l l s  b e in g  30 pounds 
h e a v i e r  th a n  h e i f e r s  and 11 pounds h e a v i e r  th a n  s t e e r s .
The r e s u l t s  o b t a i n e d  from t h i s  s tu d y  i n d i c a t e  the  use  of  
m u l t i p l i c a t i v e  f a c t o r s  to  a d j u s t  f o r  the  e f f e c t s  o f  age and sex o f  
c a l f  and an  a d d i t i v e  f a c t o r  t o  a d j u s t  f o r  the e f f e c t  o f  age  o f  dam.
INTRODUCTION
The o b j e c t i v e  o f  any measure i s  to  e v a l u a t e  d i f f e r e n c e s  
among an im a ls .  T h e r e f o r e ,  the p r e f e r r e d  measurements a r e  those  t h a t  
a c c u r a t e l y  measure the t r u e  v a l u e  o f  an  an imal  r e l a t i v e  to  the 
o t h e r s  i n  a h e r d .  Measures  a r e  used to  d e te rm in e  the d i f f e r e n c e s  
among an im a ls  and thus  i n c r e a s e  the  a c c u ra c y  o f  a b r e e d e r ' s  s e l e c ­
t i o n .  A measure may be e i t h e r  o b j e c t i v e  or  s u b j e c t i v e  and i s  a 
p r o c e s s  of  a s c e r t a i n i n g  the e x t e n t ,  d im ens ion ,  q u a n t i t y ,  d e g r e e ,  or  
c a p a c i t y  o f  a t r a i t .
Weaning w e ig h t  i s  a t r a i t  t h a t  i s  used to  measure p r o d u c ­
t i o n  p o t e n t i a l  i n  b e e f  c a t t l e .  However, i t  i s  a f f e c t e d  by c e r t a i n  
e n v i ro n m e n ta l  f a c t o r s  which must  be c o r r e c t e d  fo r  by making a p p r o ­
p r i a t e  a d j u s t m e n t s  b e f o r e  a c c u r a t e  s e l e c t i o n s  can be made among 
an im a ls .  Per formance t r a i t s  must  be a d j u s t e d  to e l i m i n a t e  known 
s o u rc e s  o f  e n v i ro n m e n ta l  d i f f e r e n c e s  among an im a ls  i n  o rd e r  t h a t  
g e n e t i c  d i f f e r e n c e s  w i l l  be the l a r g e r  p a r t  o f  the t o t a l  d i f f e r ­
ences  which a r e  measured or obse rved .  P r e v io u s  work by Burgess  
e t  a l . ( 1954 ) ,  Gregory  ejt aJL (1 9 5 0 ) ,  Koch and C la rk  (1 9 5 5 ) ,  and 
Marlowe and Gaines  (1958) h a s  shown t h a t  age and sex o f  c a l f  and 
age  of  dam a r e  i m p o r t a n t  s o u rc e s  o f  e n v i ro n m e n ta l  v a r i a t i o n  i n  
weaning w e igh t .
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E s t i m a t e s  o f  h e r i t a b i l i t y  i n d i c a t e  t h a t  s e l e c t i o n  can 
b r i n g  ab o u t  improvement i n  c a l f  weaning w e igh t .  I f  a d e q u a te  a d ­
ju s t m e n t s  a r e  made fo r  t h e s e  known e n v i ro n m e n ta l  i n f l u e n c e s ,  a 
b r e e d e r  can s e l e c t  i n d i v i d u a l  an im a l s  more a c c u r a t e l y .  T h e re fo re  
c a r e  should  be t a k e n  to  measure a l l  t r a i t s  a s  a c c u r a t e l y  a s  p o s ­
s i b l e  and to  make a p p r o p r i a t e  a d j u s t m e n t s  fo r  known s o u r c e s  o f  
e x t r a n e o u s  v a r i a t i o n ,  because  any i n c r e a s e  i n  e n v i ro n m e n ta l  v a r i a  
t i o n  tends  to  ob scu re  g e n e t i c  d i f f e r e n c e s  and d e c r e a s e s  the 
e f f e c t i v e n e s s  o f  s e l e c t i o n .
Th is  s tu d y  was u n d e r t a k e n  to  e v a l u a t e  the  e f f e c t  o f  
the se  a fo r e m e n t io n e d  s o u r c e s  of  e n v i ro n m e n ta l  v a r i a t i o n  and to  
e v a l u a t e  d i f f e r e n t  methods  o f  a d ju s t m e n t .
REVIEW OF LITERATURE
T r a i t s  o f  economic v a l u e  a r e  r e f e r r e d  to  a s  per fo rmance  
t r a i t s  and i n c lu d e  a l l  t r a i t s  t h a t  c o n t r i b u t e  to  b o th  the  e f f i c i e n c y  
o f  p r o d u c t i o n  and d e s i r a b i l i t y  o f  the p r o d u c t .  Such per formance  
t r a i t s  shou ld  be a d j u s t e d  to  e l i m i n a t e  any known s o u r c e s  o f  e n v i r o n ­
m e n ta l  d i f f e r e n c e s  among a n i m a l s .  Weaning w e ig h t  i s  such a t r a i t  
t h a t  i s  g r e a t l y  a f f e c t e d  by e n v i ro n m e n ta l  c o n d i t i o n s .  I t  h a s  been  
w e l l  e s t a b l i s h e d  t h a t  weaning w e igh t  i s  a f f e c t e d  by such v a r i a b l e s  
a s :  age o f  c a l f ,  sex o f  c a l f  and age o f  dam (B urgess  e_t a l . , 1954; 
Gregory  e t  | 1 . .  1950; Koch and C l a r k ,  1955; Marlowe and G a ines ,
1958).
Age o f  C a l f
Most o f  the work i n v o l v i n g  the  e f f e c t  o f  age of  c a l f  h a s  
been  made under  the  a s s u m p t io n  t h a t  the  e f f e c t  o f  age on weaning 
w e ig h t  i s  l i n e a r  i n  r e s p o n s e .  A l though  some work has  i n d i c a t e d  
t h a t  the e f f e c t  o f  age o f  c a l f  i s  c u r v i l i n e a r  over  a wide age r a n g e ,  
the g e n e r a l  ag reem en t  i s  t h a t  w i t h i n  most  weaning ages  the  growth 
r e s p o n s e  a p p e a r s  to  be l i n e a r .  L in ea r  a d j u s t m e n t s  may c o n s i s t  of  
two g e n e r a l  t y p e s ,  a d d i t i v e  and m u l t i p l i c a t i v e .  The m u l t i p l i c a t i v e  
a d j u s t m e n t s  employ the use o f  r e g r e s s i o n  o f  w e ig h t  on age on a 
w i t h i n  o r  i n t r a c l a s s  ( r a n c h - y e a r - s e a s o n ,  e t c . )  r e l a t i o n s h i p .  The 
a d d i t i v e  a d j u s t m e n t  used most  f r e q u e n t l y  i s  to compute av e ra g e
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d a i l y  g a i n  from b i r t h  to  weaning.  Th is  f i g u r e  i s  th e n  added to  or  
s u b t r a c t e d  from the a c t u a l  weaning w e ig h t  f o r  ev e ry  day below or 
above the  s t a n d a r d  weaning age.  This  l a t t e r  method i s  p e rh a p s  the  
most  f r e q u e n t l y  used o f  the two methods due to  the ease  i n  c a l c u ­
l a t i o n s  .
Johnson  et . §JL. (1951) r e p o r t e d  t h a t  the  growth  r e s p o n s e  
a t ,  or n e a r ,  weaning age i s  s i m i l a r  enough to  a l l o w  weaning and 
weigh ing  o f  c a l v e s  on a g iv e n  d a t e  and c o r r e c t i n g  the w e ig h t s  to 
a s t a n d a r d  age w i t h o u t  much l o s s  o f  i n f o r m a t i o n .  Data i n d i c a t e d  
t h a t  the  growth  r e s p o n s e  o f  South Dakota range  c a l v e s  was l i n e a r  
up to  weaning age.  Two s e t s  of  c o r r e c t i o n  f a c t o r s ,  d i f f e r i n g  on ly  
i n  method o f  c a l c u l a t i o n ,  were deve loped .  Both s e t s  were a c c u r a t e  
enough to  be u s e f u l ,  b u t  the  s e t  based  on the  l i n e a r  e q u a t i o n  
appea red  to  be more a c c u r a t e  than, the  q u a d r a t i c  e q u a t i o n .  B o tk in  
and Whatley (1953) o b t a in e d  the  r e g r e s s io n ,  of  weaning w e ig h t  on 
age on an. i n t r a c l a s s  b a s i s .  Weaning w e ig h t s  were a d j u s t e d  to  a 
s t a n d a r d  age of  210 days u s in g  the  methods d e s c r i b e d  by Whatley 
and Q uai fe  (1937) and P h i l l i p s  and B r i e r  (1940) .  This method of  
c o r r e c t i n g  f o r  age o f  c a l f  assumes t h a t  growth i s  l i n e a r  d u r in g  
t h a t  p o r t i o n  of  the growth  curve  to  which c o r r e l a t i o n s  a r e  b e in g  
a p p l i e d .
Two methods o f  c a l f  age a d j u s t m e n t s  were e v a l u a t e d  by 
Minyard and D inke l  (1965) .  One method was based  on i n d i v i d u a l  
growth  r a t e ,  and the  second method c o n s id e re d  the  av e ra g e  growth 
r a t e  o f  the  g roup .  Age a d j u s t m e n t  number one was:
Adj Wt = Act .  Wt. -  B i r t h  Wt. X 190 + B i r t h  Wt.
Age i n  Days
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and appea red  to  o v e r a d j u s t  the w e ig h t  of  c a l v e s  from the extreme 
age g ro u p s .  The second method,  o u t l i n e d  by Bywaters  and Willham 
(1935) and Whatley and Q uai fe  (1 9 3 7 ) ,  appea red  to  be the most 
e f f i c i e n t .  The a d j u s t m e n t  a c c o r d in g  to  t h i s  method was made as :
Adj.  Wt. = A c t .  Wt. X S tan d a rd  Age -  Age I n t e r c e p t
J A c tu a l  Age -  Age I n t e r c e p t
where age i n t e r c e p t  i s  the  i n t e r c e p t  of  the r e g re s s io n ,  l i n e  on the 
age a x i s .
Burgess  et .  al.. (1954) found the r e g r e s s i o n  o f  w e ig h t  on 
age t o  be h i g h l y  s i g n i f i c a n t  (1 .67  pounds per  d a y ) .  Minyard and 
D in k e l  (1965) found a h i g h l y  s i g n i f i c a n t  e f f e c t  o f  age on c a l f  
weaning w e ig h t .  The l i n e a r  r e g r e s s i o n  o f  w e ig h t  on age w i t h i n  
r a n c h -y e a r -m o n th  s u b c l a s s  was 1.20 pounds per  day.  Koger and Knox 
(1945) r e p o r t e d  an i n t r a c l a s s  r e g r e s s i o n  o f  1.33 pounds ,  and 
Botkin,  and Whatley (1953) o b t a i n e d  a r e g r e s s i o n  o f  1.43 pounds.
The r e g r e s s i o n  o f  weaning w e ig h t  on age o f  c a l f  d i f f e r e d  s i g n i f i ­
c a n t l y  between pu reb red  and g ra d e  h e r d s ,  amounting to  0 .908  and 
1 .0 8 ,  r e s p e c t i v e l y ,  i n  a s tu d y  by Evans et .  a l . (1955) .  In  s tu d y in g  
the  e f f e c t  of  age on. weaning w e i g h t ,  Cunningham and Henderson.
(1965) found the  r e g r e s s io n ,  c o e f f i c i e n t s  to  be 1.67 f o r  Angus and 
1.49 fo r  H ere fo rd  c a l v e s .  The a s s u m p t io n  of  l i n e a r i t y  o f  growth 
w i th  age was examined by d i v i d i n g  the  age of  c a l f  i n t o  10-day 
i n t e r v a l s  from 120 to 250 days  and p l o t t i n g  the u n a d j u s t e d  means 
of  the r e c o r d s  fo r  each  i n t e r v a l .  This  was done s e p a r a t e l y  fo r  
each  b reed  and the r e s p o n s e  appea red  to  be c l o s e l y  l i n e a r .
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I t  i s  the  g e n e r a l  concensus  o f  the  m a j o r i t y  o f  the 
r e s e a r c h  workers  t h a t  the e f f e c t  o f  age of  c a l f  and growth  r e s p o n s e  
a p p e a r s  to  be l i n e a r  w i t h i n  weaning age r a n g e s .  R e g r e s s i o n  c o e f f i ­
c i e n t s  were o b t a i n e d  r a n g i n g  from 0 .9 0 8  to  1.67 pounds fo r  b o th  
p u re b re d  and g rade  c a t t l e  a t  v a r i o u s  r e s e a r c h  s t a t i o n s .
Sex o f  C a l f
I t  i s  g e n e r a l l y  r e c o g n i z e d  t h a t  ma les  o f  most  s p e c i e s  o f  
d om e s t ic  an im a ls  grow more r a p i d l y  and r e a c h  a g r e a t e r  matu re  
w e igh t  than  f em a le s .
M orr i son  (1956) has  summarized d a t a  from a number of  
s o u rc e s  on the  normal g rowth  r a t e s  of  b u l l  and h e i f e r  c a l v e s  o f  
the d a i r y  b r e e d s .  These d a t a  showed t h a t  b u l l s  grew f a s t e r  i n  b o th  
w e igh t  and h e i g h t  than  h e i f e r s  i n  fo u r  b r e e d s .  R e p o r t s  c o n c e rn in g  
the  sex d i f f e r e n c e s  i n  b e e f  c a t t l e  a r e  n o t  in  comple te  agreement .  
Lush e_t a l . (1930) obse rved  the growth  of  c a t t l e  under r ange  c o n d i ­
t i o n s  f o r  a number o f  y e a r s  and s t a t e d  t h a t  s t e e r s  c o n s i s t e n t l y  
grew a t  a s l i g h t l y  f a s t e r  r a t e  th a n  h e i f e r s .  Knapp and Black  (1941) 
r e p o r t e d  t h a t  sex had a s i g n i f i c a n t  i n f l u e n c e  on r a t e  o f  g a i n  o f  
b e e f  c a l v e s  d u r i n g  the  s u c k l i n g  p e r i o d .  T h e i r  s tu d y  in c lu d e d  b u l l ,  
s t e e r ,  and h e i f e r  c a l v e s .  Knapp and P h i l l i p s  (1942) r e p o r t e d  t h a t  
t h e r e  was n o t  a s i g n i f i c a n t  d i f f e r e n c e  in  the weaning w e ig h t  b e ­
tween sexes  by the  same s i r e .  Johnson  (1943) l i k e w i s e  concluded  
from d a t a  on 38 c a l v e s  t h a t  th e re  was no d i f f e r e n c e  i n  g a in s  made 
by h e i f e r s  and s t e e r  c a l v e s  run n in g  w i th  dams on summer ra n g e  and 
r e p o r t e d  t h a t  g a i n s  made by y e a r l i n g s  on summer p a s t u r e  were
7
s i m i l a r .  Koger and Knox (1945) found h i g h l y  s i g n i f i c a n t  d i f f e r e n c e s  
be tween weaning w e ig h t  o f  s t e e r  and h e i f e r  c a l v e s  grown under range  
c o n d i t i o n s .  S t e e r s  were h e a v i e r  th a n  h e i f e r s  each  y e a r .  Also  the 
s e x - b y - s i r e  i n t e r a c t i o n  was s m a l l ,  i n d i c a t i n g  t h a t  sex d i f f e r e n c e s  
d id  n o t  v a r y  s i g n i f i c a n t l y  among s i r e s .
I n  working  w i th  H ere fo rd  and Angus c a l v e s ,  Wythe e_t a l . 
(1956) found s t e e r  c a l v e s  were h e a v i e r  than  h e i f e r  c a l v e s  by 23 
pounds and b u l l  c a l v e s  outweighed s t e e r  c a l v e s  by 16 pounds.
R o l l i n s  e t  a l .  (1950) r e p o r t e d  t h a t  f o r  240-day  weaning w e ig h t s  
b u l l  c a l v e s  were 68 pounds h e a v i e r  th a n  h e i f e r  c a l v e s .  Evans e £  a l . 
(1955) s t a t e d  t h a t  t h e i r  d a t a  i n d i c a t e d  t h a t  b u l l  c a l v e s  ave raged  
22 pounds h e a v i e r  and s t e e r s  17 pounds h e a v i e r  th a n  h e i f e r s .
Minyard and D inke l  (1965) compared the e f f e c t i v e n e s s  of  
two methods o f  a d j u s t m e n t  f o r  sex d i f f e r e n c e s  o f  b u l l s  and h e i f e r s ,  
b o th  m u l t i p l i c a t i v e  and a d d i t i v e .  Both methods o f  sex a d j u s t m e n t  
reduced  sex d i f f e r e n c e s  to  a n o n s i g n i f i c a n t  l e v e l .  However, the 
m u l t i p l i c a t i v e  a d j u s t m e n t  r e s u l t e d  i n  the  g r e a t e s t  r e d u c t i o n  o f  
v a r i a t i o n  and i t s  use was i n d i c a t e d .  An a d d i t i v e  a d j u s t m e n t  o f  
34 pounds was su g g e s te d  to  a d j u s t  the weaning w e ig h t  o f  h e i f e r s  to  
a b u l l  b a s i s .  F a c t o r s  c a l c u l a t e d  under s i m i l a r  c o n d i t i o n s  range  
from 22 pounds (B u rg ess  e_t a l .  , 1954) to  44 pounds be tween b u l l s  
and h e i f e r s  and 31 pounds between s t e e r s  and b u l l s  (Koch,  1951).  
Koch and C la rk  (1955) found a d i f f e r e n c e  of  26 pounds be tween b u l l s  
and h e i f e r s ,  w h i l e  a d i f f e r e n c e  o f  38 pounds was r e p o r t e d  by 
Chambers e t  a/L. (1956) and McCormick e_t a l .  ( 1956 ) .  A d ju s ted  to  
a weaning age of  210 d a y s ,  b u l l s  were 16 pounds h e a v i e r  than  s t e e r s
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and s t e e r s  30 pounds h e a v i e r  th a n  h e i f e r s  (Marlowe et .  aJL , 1958).  
Gregory ej: a l . (1950) found no sex  d i f f e r e n c e  f o r  weaning w e ig h t ,  
b u t  they  found a s i g n i f i c a n t  d i f f e r e n c e  i n  b i r t h  w e ig h t  be tween 
s e x e s .
Age o f  Dam
I t  h a s  been found t h a t  i n  most  a r e a s  of  the U nited  S t a t e s ,  
on the  a v e r a g e ,  age of  dam e x e r t s  a s i g n i f i c a n t  i n f l u e n c e  on weaning 
w e ig h t  o f  c a l v e s .  Most o f  the d i f f e r e n c e  i n  weaning w e ig h t  i s  due 
to  the  d i f f e r e n c e  i n  m i lk in g  a b i l i t y  o f  the dam. However, B r inks  
et.  a l .  (1 9 6 4 ) ,  i n  a s tu d y  o f  H e re fo rd  f e m a le s ,  found g e n e t i c  c o r r e ­
l a t i o n s  o f  0 .52  and 0 .4 1  between, preweaning  g a i n  and the  mature 
s p r i n g  and f a l l  w e ig h t  o f  th e  dam, r e s p e c t i v e l y .  Koch and C la rk  
(1955a) s t a t e d ,  "The dam n o t  o n ly  e x e r t s  i n f l u e n c e  by the genes  she 
t r a n s m i t s ,  b u t  a l s o  by the env i ronm en t  she p r o v i d e s  to  weaning a g e . "
Swiger e_t a l .  (1962b) found t h a t  age o f  dam had a c u r v i ­
l i n e a r  e f f e c t  on. gain, from 130 to  200 days  o f  age.  Koch and C la rk
(1955) found t h a t  age o f  dam had a marked i n f l u e n c e  on. weaning 
w e ig h t .  Production ,  i n c r e a s e d  s t e a d i l y  from 3 to  6 y e a r s  o f  age 
and then, d e c l i n e d .  A d d i t i v e  c o r r e c t i o n  f a c t o r s  were p r e s e n t e d  fo r  
a d j u s t i n g  to  a m a tu re  ( 6 - y e a r - o l d )  b a s i s .
E s t i m a t e s  o b t a in e d  by Marlowe et .  al.. (1958) i n d i c a t e d  
t h a t  maximum p r o d u c t i o n  was o b t a i n e d  from 6 -  to  1 0 - y e a r - o l d  cows.
The l a r g e s t  d i f f e r e n c e  was between. 2 -  and 3 - y e a r - o l d  cows. The 
m agnitude  o f  the d i f f e r e n c e  d e c r e a s e d  w i th  each  s u c c e s s i v e  age 
group u n t i l  maximum p r o d u c t i o n  was r e a c h e d .  M u l t i p l i c a t i v e  f a c t o r s
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were employed to  make the  n e c e s s a r y  a d j u s t m e n t s .  Botkin, and Whatley 
(1953) a d j u s t e d  weaning w e ig h t s  f o r  age of  dam by add ing  35 and 15 
pounds to  the w e ig h t s  o f  c a l v e s  from 3 -  and 4 - y e a r - o l d  cows, r e s p e c ­
t i v e l y .  D i f f e r e n c e  be tween cows was r e p o r t e d  by R o l l i n s  and G u i l -  
b e r t  (1954) to  a c c o u n t  f o r  48 p e r c e n t  o f  the v a r i a t i o n  in. 240-day 
w e ig h t .  They a l s o  d em o n s t r a te d  th e  im por tance  of  m i lk in g  a b i l i t y  
on s u c k l i n g  g a i n .
McCormick e £  a^l. (195 6) found t h a t  age o f  dam e x e r t e d  a 
s i g n i f i c a n t  i n f l u e n c e  on 210-day  w e ig h t s  o f  c a l v e s .  The av e ra g e  
w e ig h t s  of  c a l v e s  from 2 - y e a r - o l d  cows were 107 pounds l i g h t e r  a t  
210 days  than, th o s e  from 8 - y e a r - o l d  cows. R o l l i n s  et .  al.' (1954) 
found t h a t  dams in. the age range  o f  7 to  10 y e a r s  produced  c a l v e s  
t h a t  grew f a s t e s t  to  4 months o f  age and were h e a v i e s t  a t  weaning 
(240 d a y s ) .  However, from 4 to  8 months o f  age ,  c a l v e s  from f i r s t -  
c a l f  h e i f e r s —and to  a l e s s e r  e x t e n t ,  from s e c o n d - c a l f  cows—grew 
f a s t e r  th a n  th o s e  from cows i n  the  optimum age r a n g e .  This  growth 
i s  p r o b a b ly  due to  a g r e a t e r  p e r s i s t e n c e  i n  l a c t a t i o n ,  o f  young 
cows a s  compared to  o l d e r  cows (Lush et .  a_l. , 1950) .
Knapp et.  a l . (1942) i n d i c a t e d  t h a t  the maximum weaning 
w e ig h t  may be e x p e c te d  from 6 - y e a r - o l d  cows, and t h a t  t h e r e  i s  a 
g r a d u a l  i n c r e a s e  in. the  w e igh t  a t  weaning from 2 to  6 y e a r s .  A 
h i g h l y  s i g n i f i c a n t  a g e -o f -d a m  e f f e c t  on c a l f  weaning w e ig h t  was 
r e p o r t e d  by Minyard and D inke l  (1965) .  Weaning w e ig h t s  were low es t  
among c a l v e s  from 2 - y e a r - o l d  cows and showed the  l a r g e s t  change b e ­
tween. the  ages  of  2 and 3 y e a r s .  Maximum p roduc t ion ,  was r e a c h e d  
a t  8 y e a r s  o f  age.
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As in. the case  o f  sex o f  c a l f ,  r e p o r t s  c o n c e rn in g  the  i n ­
f l u e n c e  o f  age of  dam i n  b e e f  c a t t l e  a r e  n o t  i n  comple te  agreem en t .  
Nelms and B ogar t  (1956) found l i t t l e  or no e f f e c t  o f  age o f  dam i n  
r a t e  o f  s u c k l i n g  g a i n  even though l a r g e  d i f f e r e n c e s  appea red  to  
e x i s t  be tween  2 - y e a r - o l d  and o l d e r  cows. Peacock et .  a l . (1953) found 
h i g h l y  s i g n i f i c a n t  d i f f e r e n c e s  i n  weaning w e ig h t s  o f  c a l v e s  mothered 
by dams o f  d i f f e r e n t  b r e e d i n g .
I n  g e n e r a l ,  w i th  few e x c e p t i o n s ,  th e s e  s t u d i e s  a g r e e  and 
i n d i c a t e  t h a t  weaning w e ig h t  i s  g r e a t l y  a f f e c t e d  by age o f  c a l f ,  sex 
o f  c a l f  and age of  dam. The d eg ree  to which each  o f  th e s e  v a r i a b l e s  
e x e r t s  i t s  i n f l u e n c e  v a r i e s  w ith  the  l o c a t i o n  and type  o f  c a t t l e .
MATERIALS AND METHODS
The d a t a  used  i n  t h i s  s tu d y  were the  weaning w e ig h t s  of  
3 ,3 6 4  Angus,  278 Brahman, 10,551 H ere fo rd  and 2,429 c r o s s b r e d  c a l v e s  
from 82 p r i v a t e  h e r d s .  Data were c o l l e c t e d  over  a 7 -y e a r  p e r i o d ,  
from 1959 th rough  1965,  by the L o u i s i a n a  C o o p e r a t i v e  E x t e n s io n  
S e r v i c e .  The h e r d s  r e p r e s e n t e d  were those  t h a t  were e n r o l l e d  i n  
the L o u i s i a n a  O n- the-Farm  Per formance  T e s t i n g  Program. For the p u r ­
pose o f  t h i s  s t u d y ,  any c a l f  o f  mixed b r e e d i n g  was c o n s id e r e d  as  a 
c r o s s b r e d  c a l f ,  i n c l u d i n g  th e  Brangus and San ta  G e r t r u d i s  c a l v e s .  
Most o f  the  c a l v e s  were b o rn  d u r i n g  March, A p r i l ,  and May; however,  
s e v e r a l  r e g i s t e r e d  h e r d s  c a lv e d  a l l  y e a r  round w h i le  s t i l l  o t h e r s  
ca lved  b o th  i n  the  f a l l  and the  s p r i n g .  I n d i v i d u a l  per fo rmance  
r e c o r d s  o f  each  c a l f  were c l a s s i f i e d  by y e a r  o f  b i r t h  and weaning,  
b r e e d ,  s ex ,  s i r e  ( i n  the  case  o f  r e g i s t e r e d  c a t t l e ) ,  and age of  
dam. Of the  16,622 c a l v e s ,  on ly  7 ,011  were i d e n t i f i e d  a s  to  the 
number o f  the s i r e .  The a v e ra g e  weaning w e igh t  o f  a l l  c a l v e s  was 
355 pounds a t  an  a v e ra g e  age o f  215 days .
S t a t i s t i c a l  A n a l y s i s
The c o m p u ta t io n s  and s t a t i s t i c a l  a n a l y s e s  fo r  t h i s  s tudy  
were per fo rm ed  by the  use  o f  1620, 7040 and 1401 IBM compute rs  
l o c a t e d  a t  th e  L o u i s i a n a  S t a t e  U n i v e r s i t y  Computer R esea rc h  C e n t e r .
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F o r t r a n  IV was the  programming language  used f o r  the  IBM 7040, 
w h i l e  s t a n d a r d  l i b r a r y  programs were a v a i l a b l e  fo r  the IBM 1401 and 
1620 computers .
I n  g e n e r a l ,  two ty p e s  o f  a d j u s t m e n t  f a c t o r s  a r e  used to 
a d j u s t  c a l f  weaning w e ig h t s  f o r  the e f f e c t s  o f  age o f  c a l f ,  sex o f  
c a l f  and age o f  dam. These two ty p e s  or methods a r e  m u l t i p l i c a t i v e  
and a d d i t i v e  a d j u s t m e n t  f a c t o r s .  When c o n s i d e r i n g  the  age o f  c a l f ,  
the  m u l t i p l i c a t i v e  f a c t o r  may be d e r i v e d  from two ty p e s  o f  r e g r e s ­
s i o n  a n a l y s i s .  E q u a t io n s  o f  the l i n e a r  and q u a d r a t i c  form f o r  the 
r e g r e s s i o n  o f  w e ig h t  on age o f  c a l f  a r e  commonly used .  The d i f f e r ­
en c e s  be tween the m u l t i p l i p a _ t iv e  and a d d i t i v e  f a c t o r s  a r e  the  
e f f e c t s  t h a t  they  have upon the mean and v a r i a n c e .  A m u l t i p l i c a t i v e  
type  a d j u s t m e n t  a l t e r s  the  v a r i a n c e  o f  the a d j u s t e d  g ro u p ,  whereas 
the  a d d i t i v e  a d j u s t m e n t  does  n o t .  Both m u l t i p l i c a t i v e  and a d d i t i v e  
f a c t o r s  can a d j u s t  the  d a t a  c l o s e  to  the mean of  the u n a d j u s t e d  
g roup;  however ,  an  a d d i t i v e  f a c t o r  w i l l  have the  w i d e s t  r ange  i n  
means.  Both ty p e s  o f  f a c t o r s  were e v a l u a t e d  i n  t h i s  s tu d y  fo r  
making a d j u s t m e n t s  to weaning w e ig h t  fo r  the e f f e c t  o f  age and sex 
o f  c a l f  and age of  dam.
Age o f  C a l f
The i n f l u e n c e  of  age o f  c a l f  on weaning w e ig h t  was e s t i ­
mated a s  the  r e g r e s s i o n  ( l i n e a r  and c u r v i l i n e a r )  o f  w e ig h t  on age 
w i t h i n  y e a r ,  s e a s o n ,  r a n c h ,  age of  dam and sex f o r  each  b reed  s e p a ­
r a t e l y  and on a w i t h i n - b r e e d  b a s i s  f o r  a l l  c a l v e s .  A s t a n d a r d  
l i b r a r y  program fo r  computing an  h i e r a r c h a l  c l a s s i f i c a t i o n  a n a l y s i s
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o f  v a r i a n c e  was employed,  and a comple te  a n a l y s i s  o f  v a r i a n c e  
was o b ta i n e d .
Four methods o f  a d j u s t i n g  weaning  w e ig h t  to  a s t a n d a r d  
age o f  205 days  were e v a l u a t e d .  The 205-day  s t a n d a r d  age was 
chosen  p r i m a r i l y  because  t h i s  i s  th e  age a t  which most  o f  the 
r a n c h e r s  i n  L o u i s i a n a  wean t h e i r  c a l v e s .  Three o f  the  methods  o f  
a d j u s t m e n t  s tu d i e d  were m u l t i p l i c a t i v e  i n  n a t u r e ,  w h i l e  t h e  f o u r t h  
was c o n s id e re d  to  be an  a d d i t i v e  type  o f  a d j u s t m e n t .
Method one,  r e f e r r e d  to  h e r e a f t e r  as  age a d j u s t m e n t  
number one ,  employed a m u l t i p l i c a t i v e  f a c t o r  t o  make age a d j u s t ­
ments .  The d a t a  were a n a ly z e d  on a w i t h i n  r a n c h - y e a r - s e a s o n - a g e  
o f  dam and sex b a s i s  and~- l inear  r e g r e s s i o n  c o e f f i c i e n t s  o b t a i n e d .  
An av e ra g e  w e igh t  f o r  the s t a n d a r d  age was p r e d i c t e d  u s in g  the 
fo l l o w i n g  l i n e a r  f u n c t i o n :
Y = j30 + (205)
Where:
p £ , i = 0 , l  = p a r a m e t e r s
Y = a v e ra g e  p r e d i c t e d  w e ig h t  a t  205 days
The p r e d i c t e d  w e igh t  o f  each  c a l f  was computed by u s in g  the  c a l f ' s  
a c t u a l  age in  th e  same l i n e a r  e q u a t i o n :
Y = Pq + P lx
W here:
$ = p r e d i c t e d  w e ig h t  u s i n g  c a l f ' s  a c t u a l  age
x = age o f  c a l f  i n  days
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Once th e s e  two v a l u e s  were computed (one ,  the mean fo r  each  b reed  
group a t  205 days  s t a n d a r d  a g e ,  and two the p r e d i c t e d  w e igh t  
u s i n g  each  c a l f ' s  age) the  m u l t i p l i c a t i v e  f a c t o r  was computed.
This  was o b t a i n e d  by m ere ly  t a k i n g  a r a t i o  o f  the two p r e d i c t e d
•N
w e i g h t s ,  F = Y/Y. When th e  m u l t i p l i c a t i v e  f a c t o r  was computed, 
the  age a d j u s t m e n t  was made by m u l t i p l y i n g  th e  a c t u a l  weaning 
w e ig h t  o f  a c a l f  by the d e r i v e d  f a c t o r ,  " f ".
Method 2 ,  s u b s e q u e n t l y  r e f e r r e d  to  as  age a d j u s t m e n t  
number two, a l s o  employs a m u l t i p l i c a t i v e  f a c t o r ,  b u t  one e s t i ­
mated th rough  the  use o f  an e q u a t i o n  which may be c o n s id e r e d  as
*  2 a c u r v i l i n e a r  model o f  the form Y = Pq + 3 lx  + ^2x
Where:
A
Y = p r e d i c t e d  w e igh t  u s in g  c a l f  a c t u a l  age
3 ^ , i  = 0 ,2  = p a r a m e te r s
x = age o f  c a l f  i n  days  
Here,  a s  i n  method one ,  a p r e d i c t e d  w e ig h t  f o r  the s t a n d a r d  age o f  
205 days  was computed u s i n g  the  p a r a m e t e r s  o b t a i n e d  from the i n t r a ­
c l a s s  a n a l y s i s .  The age a d j u s t m e n t s  were made by a g a i n  t a k in g  a 
r a t i o  o f  t h e s e  two p r e d i c t e d  w e ig h t s  and o b t a i n i n g  a m u l t i p l i c a t i v e  
f a c t o r  by which to  m u l t i p l y  the  a c t u a l  w e ig h t ,  t h e re b y  a d j u s t i n g  
t o  a s t a n d a r d  age o f  205 day s .  Method one and two d i f f e r  on ly  i n  
the model .
A t h i r d  method o f  a d j u s t i n g  weaning w e i g h t s ,  a s  d e s c r i b e d  
by B o tk in  and What ley ( 1 9 5 3 ) ,  Bywaters  and Willham (1 9 3 5 ) ,  Whatley 
and Q ua i fe  (1 9 3 7 ) ,  was used  and w i l l  be r e f e r r e d  to  a s  age a d j u s t ­
ment number t h r e e .  As methods one and two, t h i s  method u s e s  a
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m u l t i p l i c a t i v e  f a c t o r  computed by th e  l i n e a r  r e g r e s s i o n  of  w e ig h t  
on age .  The a p p r o p r i a t e  f a c t o r  f o r  each  age i s :
p _ S tan d a rd  age -  Age i n t e r c e p t  
A c tu a l  age -  Age i n t e r c e p t
where th e  age i n t e r c e p t  i s  the  i n t e r c e p t  o f  the r e g r e s s i o n  l i n e  on 
th e  age a x i s  or
Age i n t e r c e p t  = Average age -  ■ ■ (-̂ V'g.Kftge weanif lg. W.t .)----
( R e g r e s s i o n  c o e f f i c i e n t )
Thus,  to a d j u s t  f o r  age o f  c a l f ,  s imply  m u l t i p l y  the  a c t u a l  w e igh t  
o f  the c a l f  by the above computed f a c t o r  f o r  each  c a l f .  I n  e s s e n c e ,  
age a d j u s t m e n t  number t h r e e  i s ,  based  on th e o r y ,  the e q u i v a l e n t  to 
a d j u s t m e n t  number one.  Both methods make l i n e a r  a d j u s t m e n t s  fo r  age 
o f  c a l f .
The f o u r t h  and l a s t  method o f  age a d j u s t m e n t ,  age a d ­
j u s t m e n t  number f o u r ,  i s  c o n s id e r e d  to  be a d d i t i v e .  This  method 
u s e s  a v e ra g e  d a i l y  g a i n  from b i r t h  to weaning.  Two ways can be 
u t i l i z e d  to a d j u s t  weaning w e igh t  to  a s t a n d a r d  age .  F i r s t ,  one 
can  compute the  a v e ra g e  d a i l y  g a i n  and m u l t i p l y  t h i s  by 205 days 
and add i n  b i r t h  w e ig h t .  Second ly ,  the a v e ra g e  d a i l y  g a i n  i s  
f i g u r e d  and t h i s  v a l u e  i s  added to or  s u b t r a c t e d  from the  a c t u a l  
w e ig h t  f o r  ev e ry  day o f  age the  an im a l  i s  below or above 205 days ,  
r e s p e c t i v e l y .  T h e r e f o r e ,  i t  i s  from the  l a t t e r  p ro c e d u re  t h a t  
t h i s  l a s t  method i s  sometimes c o n s id e r e d  to  be an  a d d i t i v e  a d j u s t ­
ment.  Since b i r t h  w e ig h t s  were n o t  a v a i l a b l e  from th e s e  d a t a ,  
a c o n s t a n t  f i g u r e  o f  65 pounds was used f o r  b i r t h  w e ig h t  i n  the 
e q u a t i o n  below.
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Adj.  Weight  = A,S,t .  Wt. -  B i r t h  Wt,. x 2Q5 + B i r t h  Wt>
° Age i n  Days
Each o f  the  fou r  methods was e v a l u a t e d  fo r  a l l  c a l v e s
i r r e s p e c t i v e  of  b r e e d  and f o r  each  b re e d  s e p a r a t e l y .
Age o f  Dam
A method o f  f i t t i n g  c o n s t a n t s  as  d e s c r i b e d  by Snedecor
(1956) and Kempthorne (1952) was used to a n a ly z e  t h i s  p o r t i o n  o f  
the d a t a .  The a n a l y s i s  was made on a l l  c a l v e s  d i s r e g a r d i n g  b reed  
e f f e c t  and on each  b r e e d  s e p a r a t e l y .  The L e a s t  Squares  method 
p o s t u l a t e s  the  f o l l o w i n g  m a th e m a t ic a l  model:
Yi j k lm n  = ^ + a i  + b j  + ck + d l  + fm + <d f >lm + Px + e i j k lm n  
Where:
Yijk imn = tbe  o b s e r v a t i o n  on the n th  c a l f  o f  the mth sex
from the  1 th  age o f  dam on the  k t h  ran ch  i n  the
j t h  s e a s o n  o f  the i t h  y e a r .
[i, = e f f e c t  common to  a l l  an im a ls
a^ = e f f e c t  o f  the i t h  y e a r
b j  = e f f e c t  o f  the j t h  season
c^ = e f f e c t  o f  the k t h  ranch
d-  ̂ = e f f e c t  o f  the  1th  age o f  dam
f „  = e f f e c t  o f  the  mth sexm —
x = age o f  c a l f  ( c o n t i n u o u s  v a r i a b l e )
e i j k l m n  = e f f e c t  p e c u l i a r  to  each  c a l f  (random e r r o r )
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By employing m u l t i p l e  r e g r e s s i o n  of  the form 
Y = 0O + 0Lx + p2x2
A
Where: Y = p r e d i c t e d  w e igh t
P ^ , i  = 0 , 2  = p a r a m e te r s
x = age o f  dam i n  y e a r s  
th e  growth  r e s p o n s e  f o r  weaning w e ig h t  was s t u d i e d  w i th  r e s p e c t  to
age o f  dam. In  o rd e r  to  de te rm ine  the  age o f  maximum p r o d u c t i o n
or  the ma tu re  dam, the f i r s t  d e r i v a t i v e  of  the q u a d r a t i c  r e g r e s s i o n  
e q u a t i o n  was d e r i v e d .  Once t h i s  age of  dam was e s t a b l i s h e d ,  the 
l e a s t  s q u a re s  c o n s t a n t s  and means were computed w i th  r e s p e c t  to  t h i s
c o n s t a n t  age .  I n  computing th e s e  l e a s t  s q u a r e s  c o n s t a n t s ,  the
)
o r i g i n a l  model was m od i f ied  by o m i t t i n g  the  s e x -b y -a g e -o f -d a m  i n t e r ­
a c t i o n  te rm f o r  v a r i o u s  r e a s o n s  as  a r e  r e v e a l e d  l a t e r  on when d i s ­
c u s s i n g  th e  e f f e c t  of  sex of  c a l f .
Two methods o f  a d j u s t i n g  f o r  the i n f l u e n c e  o f  age o f  dam
were e v a l u a t e d  once the  l e a s t  s q u a r e s  c o n s t a n t s  were o b t a i n e d .  The 
f i r s t  method u s e d ,  which w i l l  be r e f e r r e d  to  a s  age -o f -d am  a d j u s t ­
ment number one ,  was a m u l t i p l i c a t i v e  f a c t o r  computed by t a k i n g  a 
r a t i o  of  the  l e a s t  s q u a r e s  means.  This  method compares the  a v e r a g e s  
o f  a l l  r e c o r d s  made a t  each  age .  The second method ,  age -o f -d am  a d ­
j u s t m e n t  number two, used a d d i t i v e  c o n s t a n t s  f o r  each a g e -o f -d am  
group .  Both methods were employed a f t e r  c o r r e c t i o n s  had been, made 
fo r  the  e f f e c t  o f  age of  c a l f .  I n  b o th  i n s t a n c e s ,  the v a r i a n c e s  
of  the  i n d i v i d u a l  a g e - o f  dam groups  were compared to  the v a r i a n c e  
o f  the u n a d j u s t e d  weaning w e ig h t s .
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Sex o f  C a l f
In  s t u d y i n g  the i n f l u e n c e  o f  sex o f  c a l f ,  a s e t  o f  l e a s t  
s q u a r e s  c o n s t a n t s  were computed u s in g  the same m o d i f i e d  model d e ­
r i v e d  f o r  age o f  dam.
Two methods o f  a d j u s t m e n t  o f  c a l f  weaning w e ig h t s  fo r  
sex d i f f e r e n c e s  have g e n e r a l l y  been  used .  One method i s  t h a t  of  
u s in g  a v e ra g e  d i f f e r e n c e s  i n  a g e - c o n s t a n t  w e ig h t  between b u l l s ,  
h e i f e r s  and s t e e r s .  A second method f r e q u e n t l y  used i s  the  r a t i o  
o f  a v e ra g e  w e i g h t s .  However,  a m u l t i p l i c a t i v e  a d j u s t m e n t  a l t e r s  
th e  v a r i a n c e  o f  an  a d j u s t e d  g roup ,  whereas  the  a d d i t i v e  a d j u s t m e n t  
does  n o t .  The methods e v a l u a t e d  i n  t h i s  s tu d y  were m u l t i p l i c a t i v e  
and a d d i t i v e  type  a d j u s t m e n t s .  The l e a s t  s q u a r e s  means were com­
pu te d  f o r  each  group and a r a t i o  o f  s t e e r  and h e i f e r  means to  t h a t  
o f  b u l l s  was computed.  These m u l t i p l i c a t i v e  v a l u e s  were then, used 
to  a d j u s t  f o r  sex d i f f e r e n c e s  by a d j u s t i n g  a l l  weaning w e ig h t s  to  
a b u l l  b a s i s .  The weaning w e ig h t s  were a d j u s t e d  fo r  sex on ly  a f t e r  
age o f  c a l f  and age o f  dam a d j u s t m e n t s  had b e e n  made. A f t e r  a l l  
a d j u s t m e n t s  had been  made, the  means and v a r i a n c e s  f o r  each  group 
were compared.
I n  e v a l u a t i n g  the  method o f  a d j u s t m e n t  fo r  each  o f  the 
f a c t o r s ,  age and sex o f  c a l f  and age o f  dam, the v a r i a n c e s  a t  each  
p a r t i c u l a r  g r o u p in g  were compared.  S ince  th e  v a r i a n c e s  were to  be 
compared to  d e t e r m in e  i f  t h e r e  was homogene ity  o f  v a r i a n c e s ,  
B a r t l e t t ' s  C h i - s q u a r e  t e s t  was used a s  d e s c r i b e d  by S t e e l  and T o r r i e  
(1960 ) .  B a r t l e t t ' s  t e s t  o f  homogeneity  was made on u n a d j u s t e d  
w e ig h t s  and t h e i r  v a r i a n c e s  a s  w e l l  a s  the  v a r i a n c e s  of  the  a d j u s t e d  
w e i g h t s .
RESULTS AND DISCUSSION
Weaning w e ig h t s  were r e c o r d e d  on 16,622 c a l v e s  from 82 
p r i v a t e  h e r d s  e n r o l l e d  i n  the  L o u i s i a n a  On-the-Farm Per formance 
T e s t in g  program d u r i n g  the p e r i o d  1959 th rough  1965. Table I  shows 
the  a v e ra g e  weaning w e i g h t ,  age o f  c a l f  and s t a n d a r d  d e v i a t i o n s  fo r  
Angus,  Brahman, H e re fo rd  and c r o s s b r e d  c a l v e s .
Table I .  Means and S tanda rd  D e v ia t i o n s  o f  U nad jus ted  
Weaning Weight and Age o f  C a l f  by Breeds
Breed C a lves
Weanine Weight  ( l b s . ) Aee o f  Ca l f : (davs)
X C.V. X c. v.
Angus 3 ,3 6 4 367±79 21.5 218±45 20.5
Brahman 278 3 9 1±76 19.5 215±36 16.9
C rossb red 2,429 362±84 23 .3 214±37 17.2
H ere fo rd 10,551 348±77 2 2 .1 2 14±3 8 17.7
A l l  Ca lves 16,622 355±79 22 .3 215±39 18.2
The d a t a  were f i r s t  ana lyzed  by p o o l i n g  a l l  b r e e d s ;  how­
e v e r ,  s t a t i s t i c a l  a n a l y s e s  showed s i g n i f i c a n t  d i f f e r e n c e s  i n  wean­
ing  w e ig h t  between b r e e d s .  T h e r e f o r e ,  weaning r e c o r d s  were 
a n a ly z e d  on an i n d i v i d u a l  b reed  b a s i s  to  e s t i m a t e  the  e f f e c t s  of  
age and sex of  c a l f  and age of  dam.
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Age o f  Ca l f
S t a t i s t i c a l  a n a l y s i s  o f  the d a t a  i n d i c a t e d  t h a t  a s i g n i f ­
i c a n t  e f f e c t  o f  age of  c a l f  on weaning w e igh t  e x i s t e d  fo r  a l l  b reed  
g ro u p s .  The l i n e a r  and q u a d r a t i c  r e g r e s s i o n  o f  weaning w e ig h t  on 
age w i t h i n  y e a r - s e a s o n - r a n c h - a g e  o f  dam and sex was found to  be 
h i g h l y  s i g n i f i c a n t .  The l i n e a r  r e g r e s s i o n  of  w e ig h t  on age on a 
w i t h i n  r a n c h - y e a r - s e a s o n - a g e  o f  dam and sex b a s i s  was 0 . 9 5 ,  0 . 7 6 ,  
1 .06 ,  1.16 and 1 .08  f o r  Angus,  Brahman, H e r e f o r d ,  c r o s s b r e d  and a l l  
c a l v e s ,  r e s p e c t i v e l y .  The l i n e a r  r e g r e s s i o n  o f  w e ig h t  on age on a 
w i t h i n - b r e e d  b a s i s  was 1 .06  pounds .  These v a l u e s  f o r  the  i n t r a ­
c l a s s  r e g r e s s i o n  a r e  s m a l l e r  t h a n  the 1 .20  pounds r e p o r t e d  by 
Minyard and D inke l  (1965) and the  1.33 pounds r e p o r t e d  by Roger and 
Knox (1945) .  B o tk in  and What ley (1953) found a r e g r e s s i o n  o f  1.43 
pounds.  These r e g r e s s i o n  c o e f f i c i e n t s  were used  i n  l i n e a r  e q u a ­
t i o n s  to  make the  l i n e a r  a d j u s t m e n t s  fo r  age o f  c a l f .  A summary 
o f  the i n t r a c l a s s  r e g r e s s i o n s  and c o r r e l a t i o n s  f o r  a l l  b r e e d s  i s  
p r e s e n t e d  i n  Table  I I .
The e f f e c t i v e n e s s  o f  the four  methods o f  age a d j u s t m e n t  
can  be obse rved  by making compar isons  o f  the  i n t r a c l a s s  r e g r e s s i o n s  
o f  weaning w e igh t  on age o f  c a l f .  P r e v io u s  work by Minyard and 
D in k e l  (1965) i n d i c a t e d  t h a t  i f  the a d j u s t m e n t  a p p l i e d  i s  co m p le te ly  
a d e q u a t e ,  the  a g e - a d j u s t e d  weaning w e ig h t s  shou ld  be in d e p e n d e n t  
o f  c a l f  age .  A l l  o f  the methods  o f  a d j u s t m e n t  show a r e d u c t i o n  
i n  the r e g r e s s i o n  and c o r r e l a t i o n  c o e f f i c i e n t s .  The method making 
the  l a r g e s t  r e d u c t i o n ,  and a p p a r e n t l y  the  most  e f f i c i e n t  i n  a d j u s t ­
ing f o r  age of  c a l f ,  was method number one.
Table I I .  R e g r e s s i o n  o f  Weight  (Y) on Age (X) and C o r r e l a t i o n  o f  Weight  w i th  
Age w i t h i n  Year -  Season -R anch  -Age o f  Dam and Sex o f  C a l f
Breed Source D. F.
No Age 





Ad ju s  tment 
No. 2
Age 
A djus tm en t  
No. 4
b r b r b r b ryx xy yx xy yx xy yx xy
A l l  Calves To t a l 16,622 0 .8 4 0 .4 1 -0 .2 0 -0 .  11 -0 .2 3 -0 .1 3 - 0 .4 6 -0 .25
Within. 12,537 1.08 0 .46 -0.  12 -0 .0 7 -0 .  15 -0 .0 8 -0 .3 7 0 .2 1
Angus To t a l 3 ,364 0 .88 0 .49 -0 .0 1 -0 .0 3 -0 .0 5 -0 .0 3 -0 .4 3 -0 .2 7
With in 1,860 0.95 0.52 0.05 0 .03 0 .0 1 0 .0 1 -0 .3 6 -0 .2 3
Brahman T o t a l 278 1.29 0 .6 1 0.55 0 .32 0 .8 4 0 .46 -0 .  17 - 0 . 1 1
W ith in 183 0. 76 0 .21 0 .01 0 .0 1 0 .0 1 0 .01 -0 .75 - 0 .2 4
Here fo rd T o t a l 10,551 0 .8 4 0 .41 -0.  19 - 0 .1 1 - 0 .2 1 - 0 .1 1 - 0 . 4 4 - 0 .2 4
With in 8 ,524 1.06 0.45 0 .02 0 .01 - 0 .0 1 -0 .0 1 - 0 .2 6 -0 .  13
C rossb red To t a l 2,429 0.69 0 .30 - 0 .5 0 -0 .2 2 -0 .5 2 -0 .2 3 - 0 . 6 4 -0 .29
W ith in 1 ,784 1. 16 0 .51 0.05 0 .03 0 . 0 4 0 .02 -0 .0 9 - 0 . 0 4
A djus tm ent No. 1 and 3 a r e  i d e n t i c a l .
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As can be seen, i n  t a b l e s  I I I  th rough  V I I I ,  each  method 
should  a d j u s t  c l o s e  to  the mean o f  the u n a d j u s t e d  g roup .  Method one 
and t h r e e ,  r e s u l t s  be ing  i d e n t i c a l ,  a d j u s t e d  c l o s e r  to  the u n a d j u s t e d  
means than  method two and f o u r .  There was v e ry  l i t t l e  d i f f e r e n c e  i n  
a d j u s t e d  means be tw een  methods one and t h r e e  and method two. How­
e v e r ,  i t  i s  v e ry  e v i d e n t  t h a t  method four  h a s  the  w i d e s t  r ange  i n  
a d j u s t e d  means and ,  t h e r e f o r e ,  t e nds  to  o v e r a d j u s t  th e  w e ig h t s  of  
c a l v e s  from the ex t reme age g roups .  The a d j u s t e d  w e ig h t s  a p p e a r  to 
exceed the w e ig h t  o f  the  y o u n g e s t  c a l f  more th a n  i f  i t  would have 
grown o f f  a t  a normal r a t e  to  the c o n s t a n t  age .  At the  same t im e ,  
the  a d j u s t e d  w e ig h t s  o f  the  o l d e s t  c a l v e s  appea red  to  be s m a l l e r  th a n  
would n o rm a l ly  be e x p e c te d  i f  w e ig h t s  were t a k e n  a t  205 days  o f  age.  
The method o f  a d j u s t m e n t  f o r  age o f  c a l f  shou ld  a l s o  a d j u s t  the 
v a r i a n c e s ,  a s  the  means,  c l o s e  to  the v a r i a n c e  of  th e  u n a d j u s t e d  
g roup ,  n e i t h e r  i n c r e a s i n g  nor  d e c r e a s i n g  i t .  Methods one and t h r e e  
a g a i n  have i d e n t i c a l  r e s u l t s ,  w h i l e  method two d i f f e r e d  v e r y  l i t t l e .  
The v a r i a n c e s  of  th e s e  t h r e e  methods c l o s e l y  approx im ated  the  v a r i ­
ance o f  the u n a d j u s t e d  group (200-219 days)  which encompassed the 
s t a n d a r d  age to  which a d j u s t m e n t s  were b e in g  made. Method f o u r ,  
however,  w h i l e  e x t e n d i n g  th e  ra n g e  i n  a d j u s t e d  means and over  a d ­
j u s t i n g  the  two ex t reme g r o u p s ,  a l s o  had th e  w i d e s t  and most  v a r i e d  
r ange  i n  v a r i a n c e s .  The v a r i a n c e s  o f  the younger  age g roup was the 
l a r g e s t  and d e c r e a s e d  w i th  i n c r e a s i n g  a g e ,  such t h a t  the o l d e s t  
c a l v e s  had the  minimum v a r i a n c e .  This  t r e n d  o f  over  a d j u s t m e n t  i s  
a l s o  obse rved  when the v a r i a n c e s  of  each  age group (20 -day  i n t e r v a l s )  
f o r  the  fo u r  methods a r e  p l o t t e d  f o r  each  b reed  group ( F i g u r e s  1 -5 ) .
Table I I I .  Weaning Weight o f  Angus C a lves  a s  I n f lu e n c e d  by Age o f  C a l f
and Method o f  Age A djus tm en t
___________________________ Weaning Weight  ( l b s . ) ________________________________
Age Age Age Age
No Age Adjus tm en t  A d jus tm e n t  Ad jus tm en t  Ad jus tm en t
C a l f  Age Animals Adi u s tm e n t No. 1 No. 2 No. 3 No. 4
Days X C.V. X C.V. X C.V. X C.V. X C.V.
100-119 42 223±49 22 .1 296164 21.9 297165 21.9 296165 22 .0 355190 25.6
120-139 80 253152 20 .8 315165 20 .8 317164 20 .4 315165 20 .8 361183 23.2
140-159 179 29015 7 19.9 338166 19.8 340167 19.8 339167 19.8 371178 21.  1
160-179 330 315160 19.2 347166 19.0 349166 19.1 348166 19. 1 368172 19.6
180-199 486 347162 18. 1 360164 18.0 361165 18. 1 361165 18.0 369167 18.3
200-219 647 368165 17.8 362163 17.7 363164 17.6 363164 17.7 361163 17.5
220-239 646 391169 17.7 366164 17.7 366164 17.7 367165 17.7 356162 17.4
240-259 387 399168 17.2 356160 17. 1 355160 17.0 357160 17.1 340155 16 .4
260-279 293 407170 17.2 347159 17.2 345159 17.2 348160 17.2 326153 16.5
280-299 148 432179 18.4 353164 18.4 350164 18 .4 354165 18.4 327156 17.3
300 + 126 409179 19.3 309161 19.7 304160 19.8 310161 19.7 282151 18.3
Table IV. Weaning Weight o f  Brahman C alves  a s  I n f lu e n c e d  by Age o f  C a l f  and
Method o f  Age A djustm ent
Weanine Weight  ( l b s . )
C a l f  Ase
No. of  
Animals
No Age 
Ad iu s tm e n t
Age 
Ad iu s tm e n t  
No. 1
Age 
A d jus tm e n t  
No. 2
Age 
Adjus tment  
No. 3
Age 
A djus tm en t  
No. 4
Days X C.V. X C.V. X C.V. X C.V. X C.V.
100-119
120-139 3 248±37 14.9 288±41 14.3 323±42 13.2 288±41 14.3 343±50 14.8
140-159 17 291±38 13.1 326±45 13.9 347±52 15.1 3 2 6±45 13.9 373±60 16.1
160-179 29 332±39 11.9 357±40 11.3 364±40 11. 1 357±40 11.3 386±43 11.3
180-199 51 356±58 16.5 367±59 16.3 368±59 16.2 367±59 16.3 379±61 16.3
200-219 52 393±53 13.7 388±51 13.3 389±52 13 .4 388±51 13.3 384±49 13.0
220-239 56 430±63 14.9 412±61 14.8 420±62 14.8 413±61 14.8 396±58 14.7
240-259 24 411±56 13.6 377±52 13.8 400±5 4 13.6 377±52 13.8 348±47 13.5
260-279 42 455±73 16.2 40 4±65 16. 1 448±72 16.3 404±65 16. 1 364±55 15.4
280-299 2 448± 7 1.7 388± 5 13.0 4 5 1± 9 2 .0 388± 5 13.0 343± 3 0 .9
300 + 2 445±95 21.3 370±79 21 .4 476±99 21 .3 370±79 2 1 .4 320±63 19.9
Table V. Weaning Weight o f  H ere fo rd  C alves  as  In f lu e n c e d  by Age o f  C a l f
and Method o f  Age A djus tm en t
_______________________________ Weaning Weight  ( l b s . ) ________________________________
Age Age Age Age
No. o f  No Age Adjus tm en t  Ad jus tm en t  A d jus tm en t  A d jus tm en t
C a l f  Age Animals Ad iu s tm e n t No. 1 No. 2 No. 3 No. 4
Days X C.V. X C.V. X C.V. X C.V. X C.V.
100-119 49 245±50 20. 7 346±69 20 .0 345±68 20 .0 346±69 20 .0 395±88 22.3
120-139 180 266±55 20 .8 345±72 20.9 345±71 2 0 .8 345±72 20.9 378±86 22.9
140-159 471 289±48 16.7 349±5 8 16.6 349±58 16.6 349±5 8 16.6 370±65 17-8
160-179 1,003 308±62 20 .1 345±69 20 .0 345±69 20 .0 345±69 20 .0 356±74 2 0 .8
180-199 1,826 330±65 19.8 346±68 19.8 346±68 19. 8 346±68 19.8 350±70 20.  1
200-219 2,616 346±65 19.0 341±64 19.0 341±64 19.0 341±64 19.0 340±64 18.9
220-239 2,066 358±72 20.3 333±67 20 .2 333±67 20.2 333±67 20 .2 328±64 19. 8
240-259 1,195 384±77 20.0 338±68 20 .1 337±67 20 .1 338±68 20. 1 328±63 19.5
260-279 650 400±80 20. 1 334±67 20 .0 332±66 20 .1 334±67 20 .0 322±61 19. 1
280-299 264 405±84 21 .0 3 2 1±67 20.9 318±66 20.9 3 2 1±6 7 20.9 307±60 19.6
300 + 231 414±106 25 .6 300±76 25.5 296±75 25.5 300±76 25 .5 285±66 23.3
Table VI. Weaning W eight o f  C rossb red  C alves  a s  In f lu e n c e d  by Age o f  C a l f
and Method o f  Age A djus tm en t
C a l f  Aee
No. of  
Animals
Weanine Weieht  f i b s .
No Age 
Ad iu s tm en t
Age 
A djus tment  
No. 1
Age 
A djus tm en t  
No. 2
Age 
A djus tment  
No. 3
Age 
A djus tm en t  
No. 4
Days X C.V. X C.V. X C.V. X C.V. X C.V.
100-119 14 238±48 20.3 358±71 20. 1 35 7±71 20. 1 358±71 20. 1 385±88 22 .9
120-139 39 266±61 23 .0 359±81 22 .8 359±81 22 .8 359±81 2 2 .8 377±93 24 .9
140-159 105 298±62 21 .0 369±78 21.2 369±78 21 .2 369±78 21 .2 381±86 22 .6
160-179 265 329±70 21 .3 376±80 21.3 376±80 21.3 376±80 21.3 383±84 22.  1
180-199 365 355±68 19.3 375±72 19.3 3 7 6±7 2 19.2 375±72 19.3 378±73 19.5
200-219 587 3 7 1±84 22. 7 364±81 22.5 364±81 22.5 364±81 22 .5 363±81 2 2 .4
220-239 469 368±86 23 .6 340±80 23,6 339±80 23.7 340±80 23 .6 337±78 23 .2
240-259 362 386±84 22 .0 334±73 21.9 333±72 21.9 334±73 21.9 329±69 21 .2
260-279 156 383±77 20.3 313±63 2 0 .4 3 1 1±63 20 .4 313±63 20 .4 308±59 19 .4
280-299 39 434±78 18. 1 335±60 18.0 333±60 18.0 335±60 18.0 328±55 17.0
300 + 28 414±93 22. 7 287±77 26.9 284±77 27. 1 287±77 26.9 283±69 24 .7
Table V II .  Weaning W eight o f  A l l  C a lves  a s  In f lu e n c e d  by Age o f  C a lf
and Method o f  A d jus tm en t
C a l f  Aee
No. of  
Animals
Weanine Weight  f i b s . )
No Age 
Adi u s tm e n t
Age 
Ad iu s tm en t  
No. 1
Age 
A djus tment  
No. 2
Age 
Adjus tm en t  
No. 3
Age 
A djus tm en t  
No. 4
Days X C.V. X C.V. X C.V. X C.V. X C.V.
100-119 105 235±50 21. 7 333±70 21.2 332±70 21 .2 333±70 21 .2 378±91 2 4 .2
120-139 302 262±55 21. 1 342±75 22 .0 342±75 22 .0 342±75 22 .0 373±86 23 .2
140-159 773 291±52 18. 1 350±63 18. 1 3 5 1±63 18. 1 350±63 18. 1 372±71 19.3
160-179 1,627 3 13±63 20 .2 351*70 20.1 352±70 20. 1 351*70 20. 1 363±75 20.9
180-199 2,728 336±66 19.7 353*69 19.6 353*69 19.6 353*69 19.6 358±71 19.9
200-219 3,902 354*69 19. 7 349*68 19.6 348*68 19.6 349±6S 19.6 347±67 19.5
220-239 3,237 367±75 20 ,6 342±70 20.5 341±70 20 .6 342±70 20.5 336±67 20. 1
240-259 1,968 388±76 19.8 341±67 19.9 339±67 19.9 341±67 19.9 331±63 19.2
260-279 1,141 401±78 19.5 335±65 19.5 333±64 19.5 335±65 19.5 323±59 18.5
280-299 453 416±83 20. 1 330±66 20. 1 327±65 20 .0 330±66 2 0 .1 315±59 18.9
300 + 386 4 12±9 7 23 .6 298±71 24 .0 294±70 24 .0 299±71 23.9 284±62 22 .0
Unad jus ted  Weight  
Method 1 and 3 
Me thod 2 
Method 4
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I t  i s ,  t h e r e f o r e ,  a p p a r e n t  from th e s e  r e s u l t s  t h a t  
the  b e s t  and most e f f i c i e n t  method o f  making a g e - o f - c a l f  a d j u s t -
i
ments  on c a t t l e  i n  the  G u lf  Coas t  r e g i o n  i s  t h a t  o f  l i n e a r  m u l t i ­
p l i c a t i v e  a d j u s t m e n t  f a c t o r s .  This  method,  u n l i k e  the  o t h e r s ,  
does  a b e t t e r  job  o f  a d j u s t i n g  f o r  the ex t reme g ro u p s .  Although  i t  
i s  r e c o g n i z e d  t h a t  when the  age range  i s  narrow ( a p p r o x im a te ly  50 
to  60 days)  t h a t  method number f o u r  w i l l  be n e a r l y  a s  e f f i c i e n t  a s  
methods one and t h r e e .  Method f o u r ,  which i s  a d d i t i v e  i n  n a t u r e ,  
t e nds  to  o v e r a d j u s t  the  ex treme g ro u p s .  This  w i l l  cause the  a d ­
j u s t e d  w e ig h t s  o f  young c a l v e s  to  be e x t r e m e ly  h ig h  and w e ig h t s  of  
o l d e r  c a l v e s  to  be low. I t  i s  a common f a c t  t h a t  a c a l f  w i l l  n o t  
grow a t  the same r a t e  from b i r t h  to  weaning,  Johnson  et . a l . (1951) .  
T h e r e f o r e ,  o n ly  w i t h i n  a v e r y  n a r row  ra n g e  w i l l  method four  
(av e ra g e  d a i l y  g a in )  be a c c u r a t e .
Age o f  ""Dam
The d a t a  i n  t h i s  s tu d y  showed h i g h l y  s i g n i f i c a n t  d i f f e r ­
ence s  i n  weaning w e ig h t  due to  the  e f f e c t  of  age o f  dam. The 
q u a d r a t i c  r e g r e s s i o n  o f  weaning w e ig h t  on age o f  dam was h i g h l y  
s i g n i f i c a n t  f o r  a l l  b r e e d s ,  t h u s  i n d i c a t i n g  t h a t  th e  e f f e c t  o f  age 
o f  dam i s  c u r v i l i n e a r .  Maximum p r o d u c t i o n  was r eac h ed  a t  9 y e a r s  
o f  age.  These r e s u l t s  a r e  i n  ac c o rd a n c e  w i th  most  o f  the  r e s e a r c h  
rev ie w e d .  Minyard and D inke l  (1 9 6 5 ) ,  Sawyer e t  al.. (1948) and 
R o l l i n s  and G u i l b e r t  (1954) r e p o r t e d  8 y e a r s  a s  th e  age o f  maximum 
p r o d u c t i o n .  Other  w o rk e r s ,  i n c l u d i n g  Burgess  e t  a l .  ( 1954 ) ,  
McCormick e t  a l .  (1956) and Nelms and B o g a r t  ( 1 9 5 6 ) ,  found the  ages
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between  6 and 10 y e a r s  to  be the  age o f  maximum p roduc t ion . ,  whi le  
Koch and C la rk  (1955) and Marlowe and Gaines  (1958) r e p o r t e d  6 and 
7 y e a r s  o f  age to  be th e  most  p r o d u c t i v e ,  r e s p e c t i v e l y .
Tw o-year -o ld  cows o f  a l l  b r e e d s  weaned th e  l i g h t e s t  
c a l v e s ,  and the l a r g e s t  d i f f e r e n c e s  between age g roups  appea red  
be tween 2 and 3 y e a r s ,  w i th  the e x c e p t i o n  o f  the  c r o s s b r e d  c a l v e s  
r e s u l t i n g  in  the  l a r g e s t  d i f f e r e n c e  be tween  3 to  4 y e a r s  o f  age .
The av e ra g e  weaning w e ig h t  of  a l l  g roups  tended to  i n c r e a s e  a t  a 
d i m i n i s h i n g  r a t e — from 2 to  6 y e a r s  of  age f o r  c r o s s b r e d  c a l v e s ,
2 to  7 y e a r s  f o r  Angus and H ere fo rd  c a l v e s  and 2 to  8 y e a r s  o f  age 
f o r  Brahman c a l v e s .  The d a t a  showed a la c k  o f  d e c l i n e  i n  ave rage  
weaning w e ig h t s  be tween  the ages  o f  9 to  12 y e a r s ,  b u t  i n d i c a t e d  
i n s t e a d  a d e c l i n e  from 9 to 10 y e a r s  and th e n  a r a t h e r  s m a l l  i n ­
c r e a s e  from 10 to  12 y e a r s  i n  n e a r l y  a l l  c a s e s .  These r e s u l t s  a r e  
i n  p a r t i a l  ag reem en t  w i th  Minyard and D in k e l  (1965) and B o tk in  and 
Whatley (1953 ) .  The la c k  o f  d e c l i n e  i n  p r o d u c t i o n ,  a s  r e p o r t e d  by 
Minyard and D inke l  ( 1 9 6 5 ) ,  among o l d e r  cows i s  p ro b a b ly  the  r e s u l t  
o f  s e l e c t i o n  i n  the  h e r d s .  The few cows r e m a in in g  beyond th e  age 
o f  12 y e a r s  would have s u rv iv e d  many y e a r s  o f  a r d e n t  c u l l i n g  and 
r e p r e s e n t  the  v e r y  b e s t  p r o d u c e r s  o f  t h e i r  age group.
L e a s t  s q u a r e s  c o n s t a n t s  were computed fo r  each  b reed  
and over  b r e e d s .  Once th e s e  c o n s t a n t s  were computed and found 
to  be s i g n i f i c a n t ,  the two methods o f  a d j u s t m e n t  were e v a l u a t e d .
By o b t a i n i n g  a r a t i o  o f  l e a s t  s q u a re s  means, m u l t i p l i c a t i v e  f a c t o r s  
were d e r i v e d  fo r  age o f  dam. These f a c t o r s  were v e ry  s i m i l a r  
f o r  each  b re e d  and ,  t h e r e f o r e ,  were c l o s e  enough to  c o n s id e r
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u s in g  a v e ra g e  f i g u r e s  f o r  a l l  c a l v e s .  The m u l t i p l i c a t i v e  f a c t o r s  
e v a l u a t e d  fo r  age o f  dam were 1 .2 0 ,  1 .1 4 ,  1 .0 8 ,  1 .0 3 ,  1 .0 3 ,  1 .0 2 ,  
1 .0 1 ,  1 .0 0 ,  1 .01 ,  1 .0 1 ,  and 1 .0 4 ,  r e s p e c t i v e l y ,  f o r  a g e s  2 th rough  
12 y e a r s .  The a d d i t i v e  f a c t o r s  used were those  shown i n  Tab le V I I I .  
As s t a t e d  p r e v i o u s l y ,  s e p a r a t e  f a c t o r s  were used f o r  each b re e d .
Table V I I I .  A d d i t i v e  Ad jus tm en t  F a c t o r s  f o r  Age of  Dam
Aee of  Dam Aneus Brahman H ere fo rd C ro s sb re d
2 65 * 65 85
3 40 35 40 50
4 30 20 20 20
5 10 0 5 5
6 10 5 0 5
7 10 10 5 5
8 5 10 0 5
9 0 0 0 0
10 0 10 5 0
11 5 20 0 -5
12 15 25 0 10
No c a l v e s  were r e c o r d e d  from t w o - y e a r - o l d  cows.
Each of  the two methods o f  a d j u s t m e n t  fo r  age o f  dam were 
a p p l i e d  to  weaning w e ig h t s  a f t e r  they had been  a d j u s t e d  fo r  age of  
c a l f .  T ab le s  IX th rough  X I I I  show the  r e l a t i o n s h i p  and make i t  
p o s s i b l e  to  compare th e s e  a d j u s t e d  w e ig h t s  and the  u n a d j u s t e d  w e ig h t s .
Table IX. Weaning W eight o f  Angus C a lv es  a s  In f lu e n c e d  by Age o f  Dam
and Method o f  Age o f  Dam A djus tm en t
Aee of  Dam
No. o f  
Animals
Weanine Weight  ( l b s . )
No Age 
Adi u s tm e n t
Agea 





Years X C.V. X C.V. X C.V.
2 81 300±82 27.5 386±89 23.3 370±74 20 .2
3 575 354±79 22 .3 404±74 18.5 378±65 17.3
4 533 359±74 20.9 393±66 16.8 377±61 16.3
5 372 376±77 2 0 . 6 393±66 17.0 377±64 17.2
6 338 372±80 21.7 390±70 18. 1 372±68 18 .4
7 263 368±76 20.7 382±64 16.9 368±63 17.2
8 273 376±73 19.5 387±64 16.6 368±63 17.3
9 277 3 7 4±7 6 20.5 382±64 16.9 366±64 17.7
10 222 3 7 4±82 22. 1 387±72 18.8 367±72 19. 7
11 147 383±79 20 .8 393±73 18.8 373±73 19.5
12 + 283 379±78 20 .6 405±75 18. 7 384±72 18.9
M u l t i p l i c a t i v e  a d ju s tm e n t  fo r  Age o f  Dam
^ A d d i t iv e  a d ju s tm e n t  fo r  Age o f  Dam
Table X. Weaning W eight o f  Brahman C a lv es  a s  In f lu e n c e d  by Age o f  Dam
and Method o f  Age A d jus tm en t
Aee o f  Dam
No. o f  
Animals
Weanine Weieht  Clbs. ')
No Age 
Ad iu s tm e n t
Age3 
A djus tment  
No. 1
Age 
Adjus tment  
No. 2
Years X C.V. X C.V. X C.V.
2
3 16 340±97 28 .6 413±81 19.8 396±71 18. 1
4 37 384±79 20 .6 421±63 15.0 398±58 14.6
5 35 395±47 12.1 426±43 10.1 401±41 10 .4
6 40 378±87 23 .3 405±70 17.5 383±68 17.9
7 18 397±59 15 .1 410±61 14.9 388±60 15.5
8 23 383±5 8 15.2 40 7±5 0 12.3 389±50 12.9
9 17 423±72 17. 1 428±71 16.7 407±71 17.5
10 19 425±62 14.6 433±50 11.7 414±50 12. 1
11 37 398±69 17.4 408±60 14.8 383±59 15.6
12 + 36 396±87 22 .0 421±82 19.6 404±79 19.6
M u l t i p l i c a t i v e  a d ju s tm e n t  fo r  Age o f  Dam
^ A d d i t iv e  a d ju s tm e n t  f o r  Age o f  Dam
Table XI. Weaning W eight o f  H ere fo rd  C alves  a s  I n f lu e n c e d  by Age o f  Dam
and Method o f  Age A djus tm en t
Weaning Weight  ( l b s . ) ________________
Age3 Ageb
No. o f  No Age A d jus tm e n t  Ad jus tm en t
Age o f  Dam___________ Animals____________ Adius tment________________ No. 1___________________ No. 2
Years X C.V. X C.V. X C.V.
2 275 308±65 21 .1 404±78 19.5 383±65 17.1
3 1,331 321±74 23.3 375±79 21 .3 357±70 19.6
4 1,221 332±80 2 4 .4 372±76 20 .6 360±71 19.7
5 1,224 353±78 22 .4 377±70 18.7 365±68 18. 8
6 1,221 361±73 2 0 .4 383±69 18. 1 365±67 18 .4
7 1,418 344±70 20 .6 368±65 17.7 3 5 1±63 18. 1
8 882 3 6 1±7 4 20.7 377±69 18 .4 35 6±6 8 19.3
9 1,051 356±69 19.5 367±67 18.3 3 5 1±67 19. 1
10 859 359±76 21 .2 373±72 19.4 355±71 20 .2
11 503 365±73 20 .0 382±68 17.9 365±67 18.5
12 + 566 372±84 22 .8 402±76 19. 1 376±73 19.7
M u l t i p l i c a t i v e  a d ju s tm e n t  fo r  Age o f  Dam
^ A d d i t iv e  a d ju s tm e n t  fo r  Age o f  Dam
Table X II .  Weaning W eight o f  C ro ssb re d  C a lv es  a s  In f lu e n c e d  by Age o f  Dam
and Method o f  Age A d jus tm en t
Aee o f  Dam
No. of  
Animals
Weanine Weieh t  f i b s . ' )
No Age 
Ad iu s tm en t
Age3 
Ad iu s tm e n t  
No. 1
Ageb 
Adjus tm ent 
No. 2
Years X C.V. X C.V. X c . y .
2 170 3 16±63 20.2 396±91 23.  1 399±76 19. 1
3 763 327±81 24.9 377±88 23.5 366±77 21.2
4 325 371±75 20.2 415±83 20 .1 393±77 19.6
5 210 396±71 17.9 425±70 16.6 400±68 17.2
6 245 371±87 23.5 410±76 18.6 388±74 19. 1
7 139 380±66 17.4 420±72 17.2 397±70 17.8
8 145 399±74 18.7 421±72 17.2 403±71 17.8
9 113 413±84 20.5 419±72 17.2 398±72 18.1
10 109 401±63 15.8 409±60 14.7 390±60 15 .4
11 106 404±82 20.5 416±68 16.5 391±68 17 .4
12 + 104 372±91 24.5 414±81 19.7 397±78 19.7
M u l t i p l i c a t i v e  a d ju s tm e n t  fo r  Age o f  Dam
^ A d d i t iv e  a d ju s tm e n t  fo r  Age o f  Dam
Table X I I I .  Weaning W eight o f  A l l  C a lv es  a s  in f lu e n c e d  by Age o f  Dam
and Method o f  Age A djus tm en t
____________________ Weaning We ieh  t  ( lb s . )____________________
Agea Age*5
No. o f  No Age A djus tm en t  Adjus tment
Age of  Dam Animals Ad iu s tm e n t No. 1 No. 2
Year s X C.V. X C.V. X C.V.
2 525 309±67 22 .0 399±84 21 .0 376±70 18.6
3 2,685 330±78 23 .9 382±81 21 .4 365±71 19.6
4 2,116 346±80 23 .2 385±76 19. 8 368±70 19.2
5 1,841 363±78 21 .7 386±71 18.4 369±69 18.7
6 1,844 365±77 21 .2 388±71 18.3 370±68 18.6
7 1,838 350±72 20 .6 375±66 17.8 362±65 18. 1
8 1,322 369±75 2 0 .4 384±69 18.2 367±69 18.8
9 1,458 364±74 2 0 .4 375±68 18.4 364±68 18.9
10 1,209 366±77 21 .2 380±72 19. 1 365±71 19. 7
11 793 375±76 20.5 389±70 18.0 369±69 18.8
12 + 991 375±83 2 2 .4 405±77 19.2 374±74 19.9
M u l t i p l i c a t i v e  a d ju s tm e n t  f o r  Age o f  Dam
^ A d d i t iv e  a d ju s tm e n t  f o r  Age o f  Dam
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I t  i s  f a i r l y  e v i d e n t  t h a t  a l t h o u g h  B a r t l e t t ' s  C h i - s q u a r e  t e s t  
showed h e t e r o g e n e i t y  o f  v a r i a n c e s  e x i s t e d ,  the a d d i t i v e  a d j u s t m e n t s  
appea red  to  be th e  b e t t e r  of  the  two methods .  The m u l t i p l i c a t i v e  
a d j u s t m e n t s  b a l l o o n e d  the  v a r i a n c e  upward,  w h i le  a d d i t i v e  f a c t o r s  
d i d  n o t  a f f e c t  the v a r i a n c e .  Also  w i th  t h e  a d d i t i v e  a d j u s t m e n t ,  
the mean a d j u s t e d  weaning w e ig h t s  were more u n i fo rm  fo r  a l l  age 
g roups  th a n  th o se  computed u s i n g  m u l t i p l i c a t i v e  a d j u s t m e n t s .
The d a t a  i n d i c a t e d  t h a t  d i f f e r e n c e s  due to  age o f  dam 
acc o u n ted  f o r  a p p r o x im a te ly  3 p e r c e n t  o f  the  v a r i a t i o n  i n  c a l v e s '  
weaning w e ig h t .
Sex o f  C a l f
I n  making a d j u s t m e n t s  f o r  sex o f  c a l f ,  the method of  
l e a s t  s q u a r e s  c o n s t a n t s  was employed.  While e v a l u a t i n g  the  i n ­
f l u e n c e  of  sex o f  c a l f  on weaning w e ig h t ,  i t  was deemed im p o r t a n t  
to  d e t e rm in e  the  r e l a t i o n s h i p  o f  sex d i f f e r e n c e s  a t  weaning to age 
o f  dam. I n  the s t a t i s t i c a l  a n a l y s i s  o f  the  d a t a  f o r  a l l  b r e e d s  and 
a l l  b r e e d s  combined,  a s i g n i f i c a n t  (P < .05) s e x -b y -a g e -o f -d a m  
i n t e r a c t i o n  was o b s e rv e d .  However,  e x a m in a t io n  o f  f i g u r e  6 shows 
t h a t  the  f a i l u r e  o f  the t h r e e  l i n e s  to  be p a r a l l e l  i s  a m a t t e r  of  
o n ly  a few pounds w i t h i n  each  a g e -o f -d am  group.  These s m a l l  d i f f e r ­
e n c e s  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t  due to  the  l a r g e  numbers of  
an im a l s  in v o l v e d .  Due to  the f a c t  t h a t  th e  d i f f e r e n c e s  a r e  sm al l  
and have no economic s i g n i f i c a n c e ,  a r e  l a c k i n g  i n  p r a c t i c a l  a p p l i ­
c a t i o n  s i n c e  s e v e r a l  sex a d j u s t m e n t s  f o r  each  age o f  dam would be 
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F ig u r e  6. L e a s t  s q u a r e s  c o n s t a n t s  f o r  s e x -b y -a g e -o f -d a m  i n t e r a c t i o n  e f f e c t  on. weaning io
w e ig h t  f o r  c a l v e s  o f  a l l  b r e e d s .
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of-dam i n t e r a c t i o n  i s  a p p a r e n t ,  a d e c i s i o n  was made to  c o n t in u e  the 
a n a l y s i s  o f  the  d a t a  under the a s s u m p t io n  o f  no s e x -b y -a g e -o f -d a m  
i n t e r a c t i o n .  This  a s su m p t io n  i s  f u r t h e r  s u b s t a n t i a t e d  by th e  work 
and f i n d i n g s  o f  Minyard and D inke l  (1965) .  While working  w i th  
2 ,4 5 1  H ere fo rd  and Angus c a t t l e ,  they found t h a t  a l t h o u g h  d i f f e r ­
e n c e s  i n  weaning w e ig h t  o f  the b u l l s  and h e i f e r s  were s l i g h t l y  
g r e a t e r  f o r  the 8 -  to  1 1 - y e a r - o l d  cows, the  s e x -b y -a g e -o f -d a m  i n t e r ­
a c t i o n  lacked  s i g n i f i c a n c e  and age o f  dam was d i s r e g a r d e d  i n  com­
p u t i n g  sex a d j u s t m e n t s .
As an av e ra g e  o f  a l l  c a l v e s ,  the  v a r i a t i o n  w i t h i n  y e a r -  
r a n c h - s e a s o n  s u b c l a s s e s  was g r e a t e s t  among b u l l  c a l v e s .  S ince  th e  
c o e f f i c i e n t s  o f  v a r i a t i o n  were n e a r l y  e q u a l  f o r  the t h r e e  s e x e s ,  
t h e  use  o f  m u l t i p l i c a t i v e  f a c t o r s  were s u g g e s t e d .  The o v e r a l l  
r a t i o  o f  l e a s t  s q u a re s  means o f  b u l l  to  h e i f e r  was 1 . 0 9 ,  w h i l e  the  
r a t i o  o f  b u l l  to  s t e e r  was 1 .04 .  The av e ra g e  a d d i t i v e  a d j u s t m e n t  
f o r  a l l  b r e e d s  was 11 pounds f o r  s t e e r s  and 30 pounds f o r  h e i f e r s  
to  a d j u s t  to  a b u l l  b a s i s .  Table  XIV shows the  a d d i t i v e  a d j u s t ­
ment f a c t o r s  f o r  each  sex and each  b r e e d .
Table XIV. A d d i t i v e  Ad jus tm en t  F a c t o r s  f o r  Sex o f  C a l f
Sex____________ Angus_________ Brahman_________ H ere fo rd_________ C rossb re d
S t e e r  10 11 11 12
H e i f e r  31 32 28 30
B u l l  0 0 0 0
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These v a l u e s  a r e  i n  r e a s o n a b l y  c l o s e  agreement  w i th  th ose  
t h a t  have  been, r e p o r t e d  by o t h e r  r e s e a r c h e r s .  A r a t i o  o f  b u l l  to 
h e i f e r  means o f  1.082 was r e p o r t e d  by Minyard and D inke l  (1965) .  
F a c t o r s  c a l c u l a t e d  a t  o t h e r  s t a t i o n s  ra n g e  from 22 pounds (Burgess  
e t  a l . . 1954) t o  44 pounds (Koch,  1951) f o r  d i f f e r e n c e s  between 
b u l l s  and h e i f e r s .  Chambers e t  a l .  (1956) r e p o r t e d  a d i f f e r e n c e  of  
38 pounds be tween  b u l l s  and h e i f e r s .  Wythe et . al.. (1956) found 
s t e e r  c a l v e s  were h e a v i e r  th a n  h e i f e r  c a l v e s  by 23 pounds and b u l l  
c a l v e s  outweighed  s t e e r  c a l v e s  by 16 pounds.
A n a l y s i s  o f  the  d a t a  i n d i c a t e d  t h a t  the  m u l t i p l i c a t i v e  
a d j u s t m e n t  was most  e f f e c t i v e  and ,  t h e r e f o r e ,  i t s  a p p l i c a t i o n  i s  
s u g g e s t e d  f o r  f u t u r e  u s e .  The m u l t i p l i c a t i v e  f a c t o r s  o b t a in e d  i n  
t h i s  s tu d y  a r e  i n  c l o s e  ag reem ent  w i th  the recommendat ions  made by 
the  U n i te d  S t a t e s  Beef C a t t l e  Records  Committee.
The w i t h i n  s u b c l a s s  means,  s t a n d a r d  d e v i a t i o n s  and co ­
e f f i c i e n t s  o f  v a r i a t i o n  f o r  the t h r e e  s ex es  i n  each  b reed  a r e  
g i v e n  i n  Tab le  XV.
Table XV. I n f l u e n c e  o f  Sex on Weaning Weight  f o r  Each Breed and A l l  Ca lves
No. o f  U nad jus ted  Weight  A d jus ted  Weight3 A d jus ted  Weigh d3
Breed Sex Animals x C.V. x C.V. x C.V.
A l l  Calves S t e e r s 5 ,958 354±78 22. 1 377±73 19.4 360±69 19.2
Heifer s . 8 ,414 344±74 21.7 384±73 19. 1 367±69 18.8
B u l l s 2,250 395±83 21 .2 404±76 18.9 385±72 18.9
Angus S t e e r s 588 355±84 23 .7 384±72 18.8 366±67 18.5
H e i fe r  s 1,666 355±73 20.  7 394±68 17.3 375±64 17.2
B u l l s 1,110 3 9 1±78 20.  1 395±72 18 .4 376±68 18.3
Brahman S t e e r s 86 424±84 7.9.8 430±75 17.5 408±72 18.3
H e i f e r s 118 375±61 16.3 417±54 13.1 395±53 13.5
B u l l s 74 381±77 20.3 401±65 16.2 381±62 16.3
H ere fo rd S t e e r s 4,323 350±75 21 .6 371±71 19.2 354±67 19.1
H e i fe r  s 5 ,413 339±72 2 1 .4 377±71 19.0 359±68 19.0
B u l l s 815 395±90 23 .0 409±76 18.6 391±73 18.7
C rossb red S t e e r s 960 364±81 2 2 .4 397±78 19.9 380±71 18.9
H e i f e r s 1,218 350±82 23.5 401*83 20 .8 385±75 19.7
B u l l s 251 417±81 19.4 431±82 19.2 409±83 2 0 .4
A d jus ted  f o r  age o f  c a l f ,  sex and m u l t i p l i c a t i v e  f a c t o r  f o r  age o f  dam. 
^ A d jus ted  fo r  age o f  c a l f ,  sex and a d d i t i v e  f a c t o r  f o r  age o f  dam.
SUMMARY
Weaning w e ig h t s  were r e c o r d e d  on 16,622 b e e f  c a l v e s  from 
82 p r i v a t e  h e r d s  e n r o l l e d  i n  the  L o u i s i a n a  O n- the -Farm  Performance  
T e s t i n g  Program d u r i n g  the p e r i o d  1959 th rough  1965. These d a t a  
were c l a s s i f i e d  by y e a r  of  b i r t h  and weaning ,  b r e e d ,  s ex ,  s i r e  ( i n  
th e  c a s e  o f  r e g i s t e r e d  c a t t l e )  and age of  dam. The weaning r e c o r d s  
o f  th e s e  16,622 c a l v e s  were a n a ly z e d  to  e v a l u a t e  the i n f l u e n c e  of  
age  o f  c a l f ,  sex o f  c a l f  and age o f  dam on c a l f  weaning w e ig h t .
The a v e ra g e  weaning  w e ig h t  o f  a l l  c a l v e s  was 355 pounds a t  an 
a v e ra g e  age o f  215 days .
Two g e n e r a l  ty p e s  o f  a d j u s t m e n t  f a c t o r s  were e v a l u a t e d  
to  a d j u s t  c a l f  weaning w e ig h t s  f o r  the  e f f e c t s  o f  age o f  c a l f ,  
sex o f  c a l f  and age o f  dam. These ty p e s  or  methods  were m u l t i p l i ­
c a t i v e  and a d d i t i v e  a d j u s t m e n t s .  E q u a t io n s  o f  the l i n e a r  and 
q u a d r a t i c  form were used  to  o b t a i n  th e  r e g r e s s i o n  o f  weaning w e igh t  
on age o f  c a l f .  I n  o r d e r  to  d e t e r m in e  the e f f e c t  o f  age o f  dam 
and sex  o f  c a l f ,  the method o f  f i t t i n g  c o n s t a n t s  was used  i n  p a r t  
o f  the  a n a l y s i s .  To o b t a i n  m u l t i p l i c a t i v e  a d j u s t m e n t  f a c t o r s ,  
a r a t i o  o f  l e a s t  s q u a r e s  means was c a l c u l a t e d  f o r  each  p a r t i c u l a r  
age o f  dam or sex  of  c a l f .
S t a t i s t i c a l  a n a l y s i s  o f  the d a t a  showed age o f  c a l f  a t  
weaning  to  have a h i g h l y  s i g n i f i c a n t  e f f e c t  on weaning w e ig h t .
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The l i n e a r  r e g r e s s i o n  o f  w e ig h t  on age w i t h i n  r a n c h - y e a r - s e a s o n - a g e  
o f  dam and sex s u b c l a s s e s  was 0 . 9 5 ,  0 . 7 6 ,  1.06 and 1 .16 f o r  Angus,  
Brahman, H ere fo rd  and c r o s s b r e d  c a l v e s ,  r e s p e c t i v e l y .  When an a ly zed  
w i t h i n  b r e e d - r a n c h - s e a s o n - a g e  o f  dam-and sex ,  the r e g r e s s i o n  co­
e f f i c i e n t  was 1.06 pounds p e r  day.  E v a l u a t i o n  o f  the  fo u r  methods 
based  on r e g r e s s i o n  of  w e ig h t  on age and a v e ra g e  d a i l y  g a i n  i n d i ­
c a t e d  t h a t  l i n e a r  m u l t i p l i c a t i v e  a d j u s t m e n t s  were the  most  e f f i c i e n t .  
A l though the q u a d r a t i c  r e g r e s s i o n  of  w e ig h t  on. age was s i g n i f i c a n t ,  
t h e r e  was v e r y  l i t t l e  d i f f e r e n c e  i n  the  means and v a r i a n c e s  o f  
method one and method two. Method one and t h r e e  were i d e n t i c a l .
The a d j u s t m e n t s  u s in g  av e ra g e  d a i l y  g a i n ,  method f o u r ,  tended to  
o v e r a d j u s t  the extreme age g roups .
The d a t a  i n d i c a t e d  a h i g h l y  s i g n i f i c a n t  a g e -o f -d a m  e f f e c t  
on c a l f  weaning w e ig h t .  Maximum p r o d u c t i o n  was r e a c h e d  a t  9 y e a r s  
o f  age.  The 2 - y e a r - o l d  dams had c a l v e s  w i th  the  lo w e s t  weaning 
w e ig h t ;  and ,  on the  a v e r a g e ,  f o r  a l l  c a l v e s  the  l a r g e s t  d i f f e r e n c e  
o c c u r r e d  between 2 to  3 y e a r s .  Both m u l t i p l i c a t i v e  and a d d i t i v e  
a d j u s t m e n t s  were e v a l u a t e d  f o r  age -o f -d am  e f f e c t .  The d a t a  i n d i c a t e d  
t h a t  a d d i t i v e  a d j u s t m e n t s  seemed b e s t  s u i t e d  f o r  t h e s e  and s i m i l a r  
d a t a .
An a d d i t i v e  and m u l t i p l i c a t i v e  a d j u s t m e n t  r e p r e s e n t i n g
the r a t i o  o f  l e a s t  s q u a r e s  means were compared f o r  sex o f  c a l f
a d j u s t m e n t s .  A s tudy  o f  the c o e f f i c i e n t s  o f  v a r i a t i o n ,  which were
n e a r l y  e q u a l ,  i n d i c a t e d  t h a t  a m u l t i p l i c a t i v e  f a c t o r  cou ld  be .! 
used  to  make sex o f  c a l f  a d j u s t m e n t s .
The r e s u l t s  o b t a in e d  in  t h i s  s tudy  a r e  i n  f a i r l y  f i r m  
agreem en t  w i th  those  r e p o r t e d  i n  the  l i t e r a t u r e .  I t  i s  su g g es ted
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t h a t  f o r  making age o f  c a l f ,  sex o f  c a l f  and age o f  dam a d j u s t ­
ments  f o r  weaning w e ig h t  t h a t  m u l t i p l i c a t i v e  f a c t o r s  be employed 
f o r  age and sex o f  c a l f  and t h a t  a d d i t i v e  f a c t o r s  be used f o r  
a g e -o f -d am  a d j u s t m e n t s .  I t  i s  f u r t h e r  s u g g e s te d  t h a t  l i n e a r  m u l t i ­
p l i c a t i v e  f a c t o r s  o b t a i n e d  from w i t h i n  b r e e d - r a n c h - s e a s o n - a g e  o f  
dam and sex  r e g r e s s i o n  o f  w e ig h t  on age be used fo r  age of  c a l f .
These r e s u l t s  may be used t o  a i d  b e e f  b r e e d i n g  programs 
i n  the  G u lf  C oas t  a r e a .
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